Abstract.This research was to study effect of milling, which was affected on surface finish of Chromium-Molybdenum steel.
Introduction
Chromium-Molybdenum steel is alloy steel that contains low carbon. This steel uses for auto part and some machinery such as gear, shaft and piston. Because of chromium composition between 1% and Molybdenum about 0.15 % that steel have toughness and more tensile stress than other low carbon steel. To manufacturing of product, always this material was machined for milling process. This milling process was quality of dimension and surface finish that meet the needs of customer. Thus, factors of milling process could be affected to quality of machined surface. In previous study, factors of milling can be affected to quality of surface such as feed rate, cutting speed, depth of cut, cutting tool, cooling. The study of surface finish and effects of milling factors on surface finish have been report. The previous studies for surface finish of steel such as stainless steel [1] , medium carbon steel [2] [3] were studied. The others material has been studied such as titanium alloy [4] [5] , nickel alloy [5] [6] , aluminum alloy [7] and polymer [8] . They conclude that conditions of milling parameters based on feed rate, cutting speed, and depth of cut could be affecting to surface finish especially in case of steel. Therefore, Chromium-Molybdenum steel especially JIS SCM 415 steel was interested and effects of milling factors on surface finish for Chromium Molybdenum steel should be study.
Material, Tool and Equipment
Material used for this experiment was carbon steel that was grade JIS SCM 415. The properties of specimen were showed in Table 1 . The specimens were prepared by dimension of 25 mm x 50 mm x 100 mm. as shown in 
Experimental Procedure
Experiment was applied by factorial design with experimental model of 3 3 . The actual experiment was randomly selected run by two replicates which 54 trials. Milling factors used for this experiment were cutting speed (v), feed rate (f) and depth of cut (d). Each factor was set at three levels. Cutting speeds (V) were 50, 100, and 150 meter per minute. Feed rate was set at 100, 200, and 300 millimeter per minute. Depth of Cut was 0.2, 0.4 and 0.6 millimeter. These factors were tested by pilot study before running the actual experiment.
The surface finishes of each specimen were measured by surface roughness average (Ra). The measuring was done by the three times on machined surface. Data were analyzed by statistical methods to finding the factors affected to surface roughness.
Results and Discussion
The results of surface finish were observed and measured were showed as example in Figure 4 . The initial setting factors to run for appropriate levels of milling were determined and surface roughness results were tested by the normality test. The test showed that the results were normality.
Effect of milling factors on surface finish was anylzed by the analysis of variance (ANOVA). ANOVA indicated that the effect of feed rate and depth of cut were significantly difference at the confidant level of .01. It means that feed rate and depth of cut were main factors that directly affected to surface finish. Furthermore, cutting speed was not main factor. However, interaction between each factor was found. That means interaction between three factors would be affect to surface roughness. 
The effects of feed rate and depth of cut on surface finish
Feed rate and depth of cut were main factor affected to surface roughness, as shown ANOVA. The effect of feed rate was revealed that feed rate was higher, surface roughness was slightly up as shown in Figure 5 . It means that the low feed rate was affected to good quality of surface. Meanwhile, the effect of depth of cut was shown in Figure 6 . The increasing depth of cut was affected to enlargement of surface roughness. That means milling at higher depth of cut, it will be made poor quality of surface finish. 
The effects of interaction of milling factors on surface surface
Since the cutting speed was low that the surface roughness was lowest when applied feed rate and depth of cut at low level as shown in Figure 6 . As same as low cutting speed, medium cutting speed showed that using feed rate and depth of cut at low level could be produce best surface finish as showed in Figure 7 . On other hand, at high cutting speed, surface finish was lowest at high depth of cut and low feed rate as showed in Figure 8 . In order to good quality of surface finish, it was recommended to use low feed rate and use low cutting speed with low depth of cut but if it needs to use high cutting speed then use high depth of cut too. 
Conclusion
This research was experiment of effects of milling parameters on surface finish of Chromium-Molybdenum steel, JIS SCM 415, that was milling by coated tungsten carbide cutting tool. The results could be conclude that feed rate and depth of cut were main factors that affected to surface finish. Moreover, interaction of factors was found that interaction effects represent the combined effects of each factor on surface finish. The impact of cutting speed depends on the level of the feed rate and depth of cut. Moreover, the research was concluding as following;
x The low feed rate was affected to good surface finish better than high feed rate. x The lower depth of cut will be made a good quality of surface finish more than higher. x The low cutting speed with low depth of cut and low feed rate can be produce good surface finish as same as cutting speed at high level with high depth of cut and low feed rate.
